Understanding how women use PrEP is important for developing successful implementation programs. We hypothesized there are distinct patterns of adherence, related to HIV risk and other factors. We identified patterns of PrEP adherence and HIV risk behavior over the first 6 months of PrEP use, using data from 233 HIV-uninfected women in high-risk serodiscordant couples in a demonstration project in Kenya & Uganda. We modeled PrEP adherence, assessed by daily electronic monitoring, and HIV risk behavior using group-based trajectory models. We tested baseline covariates and risk behavior group as predictors of adherence patterns. There were four distinct adherence patterns: high steady adherence (55% of population), moderate steady (29%), late declining (8%), and early declining (9%). No baseline characteristics significantly differed between adherence patterns. Adherence patterns differed in average weekly doses (6.7 vs 5.4 vs 4.1 vs 1.5, respectively). Two risk behavior groups were identified: steady HIV risk (78% of population) and declining (22%). Compared to women with declining HIV risk behavior, women with steady risk behavior were more likely to have high steady adherence (61% vs 35%) and less likely to have early (6% vs 17%) or late (4% vs 19%) declining adherence. Women's use of PrEP was associated with concurrent HIV risk behavior; higher risk was associated with higher, sustained adherence.
Introduction
Women in many areas of the world remain at high-risk for HIV acquisition. In 2015, over 50% of new HIV infections in Sub-Saharan Africa occurred in women and 25% of all new infections occurred in women ages 15-24 [1] ; these young women were twice as likely to acquire HIV compared to young men [1] . UNAIDS identified young women as a gap in HIV prevention in Eastern and Southern Africa [2] . Pre-exposure prophylaxis (PrEP) has been approved for HIV prevention as one way to address that gap [2] .
Adherence among women was low in two randomized controlled trials (RCT) of PrEP [3, 4] ; several reasons emerged as to why women were not adhering during these placebo-controlled trials, including: lack of support from family and partners; fear of side effects; uncertainty of taking placebo; doubt that PrEP worked; low perceived HIV risk; difficulty taking a daily medication when not sick; and stigma of using an ARV [5, 6] . However, two RCTs with high adherence did demonstrate efficacy among women [7] [8] [9] . In the context of known PrEP efficacy and international and national PrEP guidelines, open-label studies have demonstrated that women can use oral PrEP effectively [10, 11] . Qualitative work from open-label studies identified barriers to PrEP use, including some, like side effects, stigma, and fear of disclosure, that were also identified in the RCTs [12, 13] . However, social support, belief in PrEP efficacy, and perceived HIV risk were also seen as facilitators to PrEP use [12, 13] . Unlike ART, PrEP is intended to be taken when persons are at risk of HIV exposure, a framework described as prevention-effective adherence [14] . Therefore, it will be key to understand when these risk periods occur and how well women adhere during risk periods to optimize PrEP delivery.
One way to better understand PrEP adherence is to characterize adherence patterns over time. Identifying women with certain adherence patterns can help counselors tailor their approaches for those in need of additional support, assist women to better assess their HIV risk, and connect women with peers. We hypothesized that women taking PrEP would display identifiable patterns of use, and these might be related to demographic factors as well as ongoing HIV risk behavior.
Methods

Study Population
Data were drawn from the Partners Demonstration Project, an open-label PrEP demonstration study among HIV serodiscordant couples in East Africa, as previously described [10, 15] . HIV serodiscordant couples were selected to be at high risk for HIV acquisition using a risk score we previously validated, which included age, cohabitation status, parity with study partner, unprotected sex, and viral load of the uninfected partner [16, 17] ; HIV-uninfected partners were encouraged to take PrEP until their partners had completed at least 6 months of antiretroviral treatment ("PrEP as a bridge to ART"). A total of 1013 HIV serodiscordant couples, among which 334 couples had female HIV-uninfected partners, were enrolled at two sites each in Kenya and Uganda.
Participants were given electronic monitoring devices (MEMS caps, WestRock, Switzerland), which recorded daily bottle openings. MEMS data were downloaded and other variables collected at quarterly study visits, at which time PrEP (emtricitabine/tenofovir disoproxil fumarate 200 mg/300 mg) was dispensed. PrEP was discontinued if a participant: acquired HIV; reported a severe, PrEP-related adverse event; began breastfeeding; had creatinine clearance < 60 mL/min; or at the study physician's discretion. Midway through the study, the protocol was modified to allow women to continue PrEP during pregnancy if they chose. The study was approved by the University of Washington IRB and the ethic review committee for each site [10] . All participants provided written informed consent in their preferred language.
Statistical Analysis
For this analysis, women were excluded if they were HIVinfected at baseline (n = 6), had < 24 weeks of electronic monitoring data, including those with drug stops (n = 94), or never initiated PrEP (n = 1), leaving 233 HIV uninfected women with 24 weeks of complete data. Group-based trajectory modeling was used to identify patterns (or trajectories) of PrEP adherence and, separately, HIV risk behavior over the first 24 weeks of PrEP use. These models have been used to find adherence patterns in many health fields, including HIV [18, 19] ; detailed guides are available for these models as well [20, 21] (Supplement). Using a specified number of trajectories and their shape (linear, quadratic, or cubic), the model estimates the proportion of the population belonging to each trajectory and calculates the posterior probability of an individual belonging to each trajectory based on their observed data; the individual is then assigned to the trajectory with the highest posterior probability [20, [22] [23] [24] .
Adherence was modeled on PrEP doses per week (range 0-7), using a censored normal (tobit) distribution [20] , and HIV risk behavior was modeled on any sex (regardless of condom use or type of sexual partner) over the prior month, as reported at quarterly study visits, using a binomial distribution, over the first 6 months of PrEP use. For each outcome, models with 2-6 trajectories were compared using the Bayes test (recommended to be > 10 to indicate good fit) and average posterior probabilities (recommended to be > 0.7 to indicate good fit) [20, 25] ; when needed, content expertise was used to determine the most meaningful model. Once the number of trajectories was selected, the same criteria were used to compare linear, quadratic, and cubic terms for each trajectory. The distribution of covariates by assigned trajectory is presented.
Next, baseline covariates were added independently to the models; these are interpreted as the odds of being in each trajectory compared to a reference trajectory. Wald tests were computed to test for significance [22] . Covariates of interest as reported at enrollment were: perception of HIV risk from their study partner (dichotomized as high/moderate/unknown vs low/none); any report of problem drinking behaviors; marital status; parity; couple HIV risk score; and age (</≥ 25 years old). Likewise, time-varying covariates (also known as turning points) were added independently to the model; these are interpreted as the change in outcome when the covariate was present, within each trajectory [22] . Again, Wald tests were computed to test for significance. Pregnancy, partner's use of ART, and frequency of sex over the prior month (with their study partner or outside partners) were recorded at follow-up study visits and included as possible covariates. Any significant covariates were included in the final model. We compared mean adherence across groups, using the assigned group as the predictor in a mixed effects model to account for repeated observations per woman.
Finally, we modeled the joint trajectories, using the final models for adherence and risk behavior. Joint trajectories allow the calculation of both the population and individual probabilities of belonging to each adherence trajectory, given a women's risk behavior trajectory. We used Chi square tests to assess whether the population probability of each adherence trajectory differed by risk behavior trajectory. We also modeled the log 10 individual probability of each adherence trajectory in separate linear regressions, with the individual's probability of the steady risk behavior trajectory as the predictor (rather than assigned risk behavior trajectory, to account for possible error in trajectory assignment). As a sensitivity analysis, we included women missing adherence data (n = 45); women who had a drug stop were still excluded as inability to use PrEP is a separate issue from adherence. All analyses were conducted using SAS 9.4 (SAS Institute, Cary NC).
Results
Of the 233 women initiating PrEP who were included in the present analysis, 22% were < 25 years old at enrollment and 98% were married to the HIV-infected partner who participated in the Partners Demonstration Project (Table 1) . Recent sex with any partner was reported by 98% at enrollment and 51% felt they were at high/moderate HIV risk. During the six-months of follow-up, 7% of women became pregnant and 62% of their HIV-infected partners initiated ART. Overall, the average adherence to PrEP over this period was 82%, with an average 5.7 doses per week taken as measured by MEMS.
All the group-based trajectory models tested fit the adherence data well when using the Bayes test. A model with 4 groups was selected to be the most meaningful, with quadratic terms as the best fit; the average posterior probabilities were ≥ 0.97. We described the four adherence patterns as early declining adherence (estimated as 9% of the population), late declining adherence (8% of population), moderate steady adherence (29% of population), and high steady adherence (55% of population) (Fig. 1) . Adherence trajectories differed by average dose per week (p < 0.0001) when modeled in a linear regression accounting for repeated observations, with the lowest average dose (1.5) in the early declining group and the highest average dose (6.7) in the high steady group (Table 2) . Differences in adherence were apparent in first week of PrEP use, when the early declining group had an average 5 doses, compared to 6.5, 6.4 and 6.7 in the late declining, moderate, and high steady groups respectively. Furthermore, when comparing average adherence over the first 12 weeks to the latter 12 weeks, there was no difference for the two steady adherence groups (6.8-6.7 and 5.4-5.4 average doses per week for the high and moderate steady adherence trajectories). However, there were notable differences for the two declining groups: 5.9 average doses per week over the first 12 weeks compared to 2.2 over the latter 12 weeks for the late declining groups; and 2.2 average doses per week then 0.7 for the early declining group.
Age, education, alcohol use, HIV risk perception, and pregnancy (Table 2) were not statistically associated with adherence trajectory by Wald Test when tested individually as time-independent (or time-dependent, for pregnancy) covariates: age, p = 0.25; education, p = 0.22; drinking, p = 0.18; risk perception, p = 0.75; pregnancy, p = 0.57. Having their HIV-infected partner start ART was statistically significant (p < 0.0001 by Wald test) and was included in the final model (Fig. 1) . Specifically, late decliners took 0.5 more doses on average during weeks when their partner was on ART, compare to when their partners were not on ART (p = 0.008, Supplemental Fig. 1 ). On the other hand, early decliners took 0.9 fewer doses on average during weeks when their partner was on ART (p < 0.001) compared to when their partners were not on ART. For the moderate and high steady trajectories, the effect of having a partner on ART was not significant (− 0.2 doses per week, p = 0.15 and 0.02 doses per week, p = 0.57, respectively). (17) 100% (20) Next, we identified HIV risk behavior trajectories, based on any reported sex in the prior month. A model with two linear trajectories was the best fit (Fig. 2) ; the average posterior probabilities were ≥ 0.86. The two risk behavior trajectories were defined as declining risk (an estimated 22% of the population) and steady risk (78% of population). There did not appear to be any differences by baseline or time-varying covariates (Table 3) ; age was tested in the model a priori and was not significant, p = 0.62. There was an average of 5.9 doses per week in the steady risk group compared to 5.1 in the declining risk group, which was statistically but likely not clinically significant (p = 0.002).
Finally, we modeled adherence and risk behavior trajectories jointly, using the final models for each (Fig. 3 ). There were significant differences in the distribution of adherence trajectories by risk behavior group by Chi square test, p < 0.0001. Women with steady HIV risk were more likely to have high steady adherence, compared to those declining risk. Conversely, women with declining HIV risk were more likely to have early or late declining adherence, compared to those with steady HIV risk. This pattern was the same when examining the individual adherence probabilities by steady HIV risk probability, with p < 0.01 for all comparisons. Results from the sensitivity analysis (n = 278) were consistent with those already described.
One woman in this analysis acquired HIV, 12 months after enrollment. During her first 6 months of use, she was characterized as early declining adherence and steady HIV risk behavior.
Discussion
In this secondary analysis of data from East African women in HIV serodiscordant heterosexual partnerships who were taking PrEP for HIV prevention, we found evidence of different trajectories of adherence and of ongoing HIV risk behavior. Most women had high or moderate steady adherence, with average doses of 6.7 and 5.4 per week respectively over the first 6 months of PrEP use; likewise, most women remained at steady HIV risk over the first 6 months of PrEP use. However, we also identified two declining adherence trajectories. We did not find signficant differences in baseline characteristics that could differentiate between adherence trajectories. However, there were significant associations between sexual risk behavior and adherence trajectories. Specifically, women with a steady risk trajectory during follow-up were more likely to have a high steady adherence trajectory and less likely to have early or late declining adherence trajectories. These results suggest that women align their PrEP use to times of HIV risk behavior, consistent with preventioneffective adherence [14, 26] . Preventive-effective adherence is optimal both for the individual woman as well as for the health system, as it maximizes prevention while minimizing costs and side-effects when PrEP is not needed [14] . Prevention-effective adherence also distinguishes PrEP, which is only needed while at risk, from ART use, which is taken for life [14] . However, women may benefit from additional support in assessing their HIV risk; roughly 11% of women with steady risk had early or late declining adherence-including one woman who seroconverted to HIVindicating a potential misalignment in adherence and risk. We found no associations between adherence and baseline risk perception, which underlies the difficulty of assessing risk perception especially with a single question [27] [28] [29] .
These results are also in line with previous work that found initial adherence may be related to adherence over follow-up [4, 30] . For instance, in this analysis the early declining adherence group had the lowest weekly dose from the first week of follow-up. However, not all women who start with high adherence will continue; the late declining adherence group for instance showed initially high adherence and was the least common trajectory.
Strengths of this study include use of daily electronic monitoring of adherence and the ability to compare adherence with HIV risk. MEMS caps are not without measurement error but have been shown to correspond with biomarkers of adherence better than self-report [10, 31] . This analysis had a limited sample size, especially with infrequent assessments of risk behavior which led to few time points for the risk trajectory models; this may also have limited the power to detect associations with baseline characteristics. In addition, we cannot determine that HIV risk led to adherence; while the data support the idea of prevention-effective adherence, an alternative explanation is that women took more risks when adherence was high. However, previous work has not shown evidence of risk compensation in heterosexual couples using PrEP [32] , and the degree of risk behavior seen on average during follow-up in this study was not greater than what was present at baseline. Finally, women in this study were members of known HIV-serodiscordant couples, whereby HIV risk may be easily identified; these results may not be generalizable to women in other situations, in which they do not clearly know their HIV risk.
In conclusion, we found evidence of distinct PrEP adherence patterns, which may be useful for implementing and understanding PrEP use in high-risk settings. Importantly, our results suggest that women may align their PrEP use with their HIV risk behavior, which would be the most efficient and cost-effective use of PrEP. Adherence counseling that improves women's assessments of their HIV risk may be important for PrEP implementation. Tools to help women better assess their HIV risk and understand when to use PrEP may motivate and enable women to effectively adhere and protect themselves from HIV.
